Worry refers to the experience of uncontrollable negative thoughts. Cognitive models suggest that the combination of negative information processing biases along with diminished attentional control contribute to worry. In the current study we investigate whether promoting a) adaptive interpretation bias and b) efficient deployment of attentional control would influence the tendency to worry. Worry-prone individuals (n = 60) received either active cognitive bias modification for interpretation bias (CBM-I) combined with sham working memory training (WMT), adaptive WMT combined with sham CBM-I, or sham WMT combined with sham CBM-I. Neither of the active training conditions reduced worry during a breathing focus task relative to the control condition. However, when considering interindividual differences in training-related improvements, we observed a relation between increases in positive interpretation bias and a decrease in negative intrusions. Moreover, increases in working memory performance were related to a reduction in reactivity of negative intrusions to a worry period. Our findings show that facilitating a more benign interpretation bias and improving working memory capacity can have beneficial effects in terms of worry, but also highlight that transfer related gains from existing training procedures can be dependent upon improvement levels on the training task.
models of anxiety and worry (Hirsch & Mathews, 2012) it seems that interpretation bias and attentional control contribute to excessive worry in a different manner. While negative emotional processing biases contribute to activation of threat representations, increasing the likelihood that worrying thoughts intrude into awareness, impaired attentional control reduces the likelihood that attention is redirected to the intended representation, leading to impaired control of negative intrusions once activated. The aim of the current study was therefore to investigate how modulation of interpretation bias and working memory capacity influences the tendency to worry, and examine whether these two processes have a different influence on the experience of negative intrusive thoughts.
We investigated whether ten sessions of training could effectively increase positive interpretation bias and/or working memory capacity in a sample of worry-prone individuals who were preselected based on their responses on the Penn State Worry Questionnaire (PSWQ; Meyer, Miller, Metzger, & Borkovec, 1990) . Our main research question was whether training induced changes in working memory or interpretation bias transferred (i.e. far transfer) to a behavioural measure of the tendency to worry. For the working memory training we used an adaptive dual n-back task (Jaeggi et al., 2008; Sari, Koster, Pourtois, et al., 2016) , while for the CBM-I training we used an ambiguous scenario task (Hayes et al., 2010; Hirsch et al., 2009) training. Based on previous studies (Jaeggi et al., 2008; Owens et al., 2013; Sari, Koster, Pourtois, et al., 2016) we expected individuals in the WMT condition to show a significant increase in the mean n-back level across the training sessions (individuals who receive sham training will remain at level n = 1). Similarly, based on previous findings (Hayes et al., 2010) we expected the CBM-I condition, as compared to the WMT and control conditions, to show an increase in positivity bias during training.
We examined near transfer of training related improvements to a frequently used measure of working memory capacity, the change detection task (Owens et al., 2013; Vogel, Mccollough, & Machizawa, 2005) , and a measure of interpretation bias, the scrambled sentence task (Wenzlaff & Bates, 1998) . We hypothesized that the WMT condition, as compared to the CBM-I and control conditions, would show increases in performance on the change detection task, especially on more difficult trial types that require more filtering of information. Previous research also found that CBM-I training, as compared to control training, was related to greater attentional control on a random key press task during worry (Hirsch et al., 2009 ). Based on these findings, we expected that the CBM-I condition, as compared to the control condition, would show increased performance on the change detection working memory task, but to a lesser extent than the WMT condition. In terms of interpretative bias, we hypothesized that the CBM-I condition, as compared to the WMT and control conditions, would show a significant increase in positive interpretation bias as measured with the scrambled sentence task.
In order for cognitive training to be clinically relevant, it's important to show that training related changes also transfer to measures of worry and anxiety (far transfer). We used self-report measures of worry, anxiety, and attentional control, expecting both the WMT and CBM-I conditions, as compared to the control condition, to show a decrease in worry and anxiety, and an increase in attentional control. Our main outcome measure was a behavioural measure of the tendency to worry, the breathing focus task (BFT), which is less sensitive to self-report bias (Borkovec et al., 1983; Hirsch et al., 2009; Ruscio & Borkovec, 2004) . With this BFT, we assessed the experience of negative intrusive thoughts, both before and after a period in which worrying thoughts were activated. This allowed us to examine the overall level of experienced negative intrusions, as well as the reactivity of negative intrusive thoughts across a period when worrying thoughts are activated. We expected that participants in both the WMT and CBM-I conditions, as compared to the control condition, would experience less negative intrusions. More specifically, we expected the CBM-I condition to show a general reduction in negative intrusions based on previous research (Hirsch et al., 2009 ). For the WMT condition we expected a decrease in reactivity of negative intrusive thoughts across a worry period, corresponding with the idea that once worry thoughts are activated, improved attentional control can attenuate negative intrusions by redirecting attention to the task at hand or towards more benign information.
In addition to investigating the effect of training condition on the BFT, we also tested how individual differences in training related changes in working memory capacity and interpretation bias influenced the tendency to worry. This allows us to explore whether training induced changes in the underlying cognitive processes, taking into account interindividual differences in training effectiveness, transfer to changes in the tendency to worry (see also the discussion on separating procedure from process in attentional bias modification, Grafton et al., 2017; MacLeod & Grafton, 2016) . Across all individuals we expected greater increases in positive interpretation bias, as measured with the scrambled sentence task, to be related to overall less negative intrusive thoughts. Likewise, we expected greater increases in working memory capacity, especially on the difficult trial types of the change detection task, to relate to reduced reactivity of negative intrusive thoughts across a worry period.
Method

Participants
To assess the different domains participants worry about, we used the 25-item Worry Domain Questionnaire (WDQ; Tallis, Davey, & Bond, 1994) . People have to indicate to what extent they worry about things described in each item, on a 5-point scale (i.e. 1-5) ranging from "not at all" to "extremely." Five subscales are then calculated that refer to different worry domains: relationships, lack of confidence, aimless future, work, and financial. The score on each subscale can range from 5-25. For the current sample the internal consistency was questionable for the relationship domain, α = .65, good for the lack of confidence domain, α = .81, acceptable for the aimless future domain, α = .72, good for the work domain, α = .80, and good for the financial domain, α = .86.
Symptoms of Generalized Anxiety Disorder were assessed with the 9-item Generalized Anxiety Disorder Questionnaire (GAD-Q-IV; Newman et al., 2002) . We scored the GAD-Q-IV using a total sum score. Items 1-4 and item 6 are yes/no items, in which "yes" was coded as 1 and "no" was coded as 0. For item 5 participants have to list their most frequent worry topics (up to 6 topics). One point was given for each listed topic and the total was divided by 3. In item 7 participants had to indicate whether in the last six months they had often been bothered by physical symptoms (six different types of symptoms were listed).
Similarly, to item 5, 1 point was given for each physical symptom they experienced up to 6 points, and the total was again divided by 3. Items 8 and 9 ask participants about the degree of stress and interference and have to be rated on a scale ranging from 0 "none" to 8 "very severe" and were each divided by 4. This led up to a total score ranging from 0-13. The internal consistency of the GAD-Q-IV in the current sample was acceptable, Cronbach's α = .76. Training. The training task consisted of a combination of (adaptive or sham) working memory training and (active or sham) cognitive bias modification for interpretation bias. The order of training tasks, starting with the working memory task or the CBM-I task, was counterbalanced across participants.
Dual n-back training.
We used a dual n-back task (Jaeggi et al., 2008) to train working memory capacity over multiple sessions (similar procedure to Owens et al., 2013) .
In this task participants are presented with a 3x3 grid with a cross in the centre of the grid, serving as fixation point. In each trial a green square is presented at one of eight different locations in this grid and simultaneously one of eight consonants is spoken (c, h, k, l, q, r, s, and t) at a rate of 500 msec. There was a 2500 msec intertrial interval. Participants were required to remember both the location of the green square and the spoken letter for each trial, and had to respond when either of these stimuli matched the location of the green square or spoken letter on n trials back in the trial sequence. Participants had to press "A" if the location of the green square matched and "L" if the spoken letter matched, and they were instructed to press both keys if both the visual and auditory stimuli matched. If there was no match participants made no response. Targets were set pseudorandomly to ensure that each block had an equal number of matches (4 per block) for the visual and auditory modality, and additionally two trials in which both the visual and auditory stimulus matched stimuli n-trials back. Target positions were presented in a pseudorandom order to ensure the value of n was the same for both the visual and auditory stimuli. Participants were instructed to try to respond as quickly and accurately as possible, and they received an online summary of their percentage accuracy across blocks at the end of each session (for each modality separately).
An adaptive version of the dual n-back task was used as the active working memory training, while a version of the task in which the dual n-back level stays at 1 (i.e. 1-back) was used as the sham training. All participants began each training session at the 1-back level, but after the first block participants who received the adaptive dual n-back version (WMT condition) could potentially reach a maximum level of 4-back. The level of n was increased across blocks if accuracy for both modalities (visual and auditory) was at or above 95%. The level of n was decreased if accuracy for either modality fell below 75%, while the level remained the same if accuracy was between 75% and 95%. Before the start of each block, participants were presented with the upcoming n-back level, which remained visible throughout the block.
All participants who used a web link for training for the first time, completed a practice block on the dual 1-back level, after which participants would only have test blocks.
Each test block consisted of 20 + n trials, and participants had to complete 15 test blocks during each training session. There was a 15 sec break between blocks, so the working memory part of the training lasted approximately 20 mins.
Cognitive bias modification-interpretation. We used a training task in which participants listened to auditory scenarios that were designed to induce an interpretation bias (based on, Hirsch et al., 2009) . Training scenarios remained ambiguous in terms of their emotional interpretation until the last word, which then determined either a positive or negative meaning. Following the scenario, participants had to answer a comprehension question with a yes/no answer within 10 secs. If participants correctly answered (according to the positive or negative meaning of the scenario), a green frame appeared accompanied by a beep tone, while a red frame accompanied by a buzzing tone indicated an incorrect answer.
The feedback served to reinforce the intended interpretation of the scenario. An example of a positive training scenario is:
"You have been practising rowing and want to qualify for the college team. You train as hard as you can and when the results come in, you are pleased."
The negative version of this scenario would have ended with "disheartened." This scenario was followed by the comprehension question "Do you have a shot?" which for the positive scenario was correctly answered with "yes", while for the negative version the correct answer would be "no." Participants in the CBM-I condition would only get positive training scenarios, while participants receiving the sham CBM-I version would have 50% scenarios with a positive meaning and 50% scenarios with a negative meaning (Hirsch et al., 2009) .
Each training session also included eight catch items consisting of scenarios that regardless of their answer, thus not specifically reinforcing either a positive or negative interpretation. From these catch items we calculated a positivity index reflecting the ratio of positively interpreted catch items on the total number of catch items (Hayes et al., 2010) .
Each training session consisted of 66-70 auditory scenarios which included 8 catch items. Throughout the session participants were able to take a break at three time points, and the CBM-I part of the training lasted approximately 30 mins.
Near transfer: change detection task. We used the change detection task (CDT; as developed by Vogel et al., 2005;  and used by Owens et al., 2013) to measure working memory capacity. In each trial, participants first saw a fixation cross in the centre of the screen with an arrow above it pointing either left or right (700 msec). Participants were instructed to attend to the side that the arrow indicated. Following this, either two or four rectangles (memory array) appeared at both the left and right side of the screen (100 msec) and participants were instructed to remember the orientation of the red rectangles on the attended side. After a short retention period (900 msec), the rectangles reappeared on the screen (test array) and participants had to indicate whether the orientation of one of the red rectangles they had memorized had changed or not, by pressing either the "f" or "j" key.
Response keys were counterbalanced across participants. Participants had a maximum of 2000 msec to give their response and were instructed to respond as fast and accurately as possible. The intertrial interval randomly varied between 1500 and 2000 msec in steps of 100 msec.
The task included three array types; a two item, four item, and distractor condition. In the two and four item condition all rectangles were red, while the distractor condition consisted of four rectangles, two red rectangles and two blue distractor rectangles. The rectangles were presented on a black background, and appeared within a 156 x 288 pixel rectangular region. The rectangles could appear in four possible orientations, horizontal, vertical, 45° left and 45° right tilted. There were 64 stimuli for each of the trial types. All possible trial types, depending on array type, arrow direction, and whether there was a change or no change of target items, appeared equally often in the task. The task included 24 practice trials and 192 test trials divided over 4 test blocks.
Near transfer: scrambled sentence task. To assess the accessibility of positive interpretations of ambiguous material, we used a computerized version of the Scrambled Sentence Task (SST; Wenzlaff & Bates, 1998) . Scrambled sentences consisting of six words were presented on the screen and participants had to form correct sentences consisting of five words, leaving out one word. Participants could form the sentence by clicking on the words they wished to use. Once they had submitted their answer they could not correct the sentence anymore and would automatically move on to the next sentence. On every trial, two correct sentences could be formed, with either a positive or a negative solution. Participants were instructed to form propositions and not interrogative sentences, and that each sentence could be formed in several ways but they have to choose. They were instructed to work as quickly as possible because time was restricted. Participants had a maximum of 4 mins to complete the task. Furthermore, participants were given a 6-digit number to remember at the beginning of the task to increase the cognitive load in order to undermine participants' tendency to suppress negative solutions in the task (cf. Wenzlaff & Bates, 1998) . At the end of the task they were asked to recall this number. There were two lists of 20 scrambled sentences and the order of administration prior to and after training was counterbalanced.
Far transfer: breathing focus task. To assess the tendency to worry we used a version of the BFT (Hirsch et al., 2009) which is an adaptation of a previously developed behavioural measure of worry (Borkovec et al., 1983; Ruscio & Borkovec, 2004) . After instructions, participants first do a 20-sec practice period in which they were asked to just focus on their breathing. This is followed by another 45-sec practice period in which at three random time intervals participants had to indicate whether they were focused on their breathing or whether they experienced a thought intrusion. The actual task then began with a 5 min breathing focus period in which participants were asked to focus on their breathing.
During this period a beep tone would signal participants to report whether at that moment they were focusing on their breathing or were experiencing a thought intrusion. If their thoughts had wandered they were required to indicate whether the thought was positive, neutral, or negative, and to give a very brief description of what they were thinking about. A total of 12 tones occurred at random intervals between 20 and 30 secs. At the end of this first breathing focus period, participants rated their mood (anxious, depressed, happy) on a 0-100 visual analogue scale with "not at all anxious" to "extremely anxious" (or depressed/happy) as anchor points. Additionally, they were asked to "estimate the % to which you were able to focus on your breathing (0% not at all -100% all of the time)", "rate how difficult you found focussing on your breathing (0 not at all difficult -100 extremely difficult)", and "estimate the % of time you spent worrying during the last 5 minutes (0% none of the time -100% all of the time)." Following this, participants were instructed to identify a topic that they currently worry about in their life and discuss this briefly with the experimenter to make sure it was suitable for the task (i.e. related to a potential negative, future situation). Participants were then asked to continue to worry about this topic for a 5 min period. During this worry period, the experimenter left the room. After 5 mins the experimenter returned and a second breathing focus period was completed, including similar ratings as following the first breathing focus period. Following these ratings, participants were also asked to rate their mood in relation to the worry period, using the same type of mood rating scales as described above. Additionally, participants were asked to "estimate the % to which you were able to spend worrying (0% not at all -100% all of the time)", "rate how difficult you found it to worry for 5 minutes (0 not difficult at all -100 extremely difficult)", "rate how stressed you were whilst worrying (0 not stressed at all -100 extremely stressed), and "what % of the time were your thought contents -negative/positive/neutral" (0-100%). Finally, participants were asked to provide more extensive descriptions of their thought intrusions during the two breathing focus periods. The experimenter would read aloud the short descriptions the participant had given during the breathing focus periods and participants were asked to recall in more detail what they were thinking at the time. These more detailed descriptions were also recorded.
Far transfer: questionnaire measures. At baseline and post-training we assessed state and trait anxiety with the State and Trait Anxiety Inventory (STAI; Spielberger, eligibility criterion (i.e. score of 56 or above on the PSWQ) completed the first test session but were told that they could not continue their participation. Following the questionnaires, participants performed the CDT, SST, and finally the BFT. Afterwards, participants received instructions on the training task. Instructions were dependent on which training condition participants were in. Additionally, participants performed a practice block of the 1-back or nback task (depending on training condition).
The day after the test session participants started with the 10-day online training at home. Participants completed each full training session in one go. Every morning participants received a training reminder by email. The first time participants used the web link to access the online training, they had to fill out their participant number. The experimenter monitored participants' training performance on a daily basis, and if participants missed a training session they would be asked to make up for it by doing the training task twice on one of the following days. Participants had to complete at least seven sessions of both the working memory part and the CBM-I part. 1 During the second test visit (always 11 days after the first test visit) participants first completed the trait and state version of the STAI, the PSWQ, and the ACS. Following this, participants again completed the CDT, SST, and BFT. At the end participants were fully debriefed about the study.
Results
Participant Characteristics
Means and standard deviations for baseline variables are presented in Table 1 . To test for pre-existing differences between the three conditions, univariate ANOVAs were performed with condition entered as a between-subjects factor. We performed a multivariate ANOVA on the WDQ subscales. No significant differences were found between the conditions in age or questionnaire scores at baseline, all ps > .10, but there was a trend for differences in gender distribution across conditions, χ 2 (2, N = 60) = 5.48, p = .081, φc = .30. 
Number of Training Sessions Completed
A univariate ANOVA, with training condition as a between-subjects factor, showed no differences between training conditions in the number of dual n-back sessions (i.e. working memory training) that were completed, F(2,57) < 1, n.s., nor in the number of CBM-I sessions that were completed, F(2,57) = 1.20, p = .309, ηp² = .04.
Training: Dual N-back
Data was analysed separately for the WMT condition and the other two conditions,
given that the Control and CBM-I condition remained at 1-back level by design. Figure 1 shows the changes in mean dual n-back level across the ten training sessions for the WMT condition. A repeated measures ANOVA with time (first vs. last session) as within-subject factor revealed that the WMT condition showed improvement in working memory, as between-subjects factor revealed no main effect of time, F(1,38) = 0.15, p = .704, ηp² < .01, nor did this interact with condition, F(1,38) = 0.23, p = .636, ηp² < .01. However, there was a main effect of condition, F(1,38) = 10.67, p = .002, ηp² = .22, indicating that overall the CBM-I condition had higher accuracy on the 1-back training task.
Near Transfer: Change Detection Task
Performance on the CDT was measured by calculating K-scores following the widely used formula (Pashler, 1988) , K = array size x (hits -false alarms)/(1-false alarms). K is thus dependent on the array size, and we calculated K for the two-item, four-item, and distractor condition separately (array size 2, 4, and 2 respectively). The validity of Pashler's K is constrained by the assumption that hit rate > false alarm rate, and that the false alarm rate < 1.
This led us to exclude one participant from the control condition during analyses on the CDT.
We performed a mixed ANOVA on the K-measure with trial type (two, four, distractor) and (S1) made available online.
Near Transfer: Summary
The WMT condition showed improved training performance as reflected by an increase in n-back level while the other training conditions remained at 1-back by design.
Unexpectedly, all training conditions showed an increase in performance on the distractor and four-item trial types of the CDT. In terms of performance on the SST, the results were as expected with only the CBM-I condition showing a significant increase in positivity index across training. 
Far Transfer: Self-Report Measures
Far Transfer: Breathing Focus Task
We focussed our analyses on the number of negative intrusions that participants experienced during the BFT. Additional analyses on other rating scales that were administered during the BFT can be found in supplemental material (S1) made available F(1,58) = 3.05, p = .086, ηp² = .05. The Time x Δ positivity index SST interaction reflects a relationship between a greater increase in positivity index on the SST and a greater decrease in negative intrusions (across the breathing periods), r = -.25, p = .050 (see Figure 3) . stable accuracy levels over time, suggesting sustained effort even though the task was nonadaptive. Participants in the CBM-I condition generally performed better on the 1-back training task than the control condition, but both conditions showed high accuracy (i.e. around 95% or higher). Both training conditions remained at 1-back by design, so it is possible that this (small) difference in accuracy reflects differences in effort. Importantly, in the WMT condition we found a significant improvement in working memory performance (i.e. mean n-back level) across the training period, corresponding with previous studies using the dual n-back task (e.g. Jaeggi et al., 2008; Owens et al., 2013; Sari, Koster, Pourtois, et al., 2016) . The number of completed working memory training sessions was correlated with this improvement in mean n-back level, highlighting the potential importance of training compliance.
To demonstrate (near) transfer of working memory training effects to other tasks of working memory capacity we included the change detection task. No effect of training group, nor time, was observed for the easiest two-item trial type, possibly because of ceiling effects in performance. For the more difficult four-item and distractor-item trial types, a general improvement over time was observed but this was not modulated by training condition.
Although we cannot exclude that this could be a test-retest effect across ten days, it may also imply that the sham training had a similar effect on increasing working memory capacity. It is possible that the sham dual 1-back training, in which one has to track two streams of information across trials, still led to improvements in working memory capacity, especially in this vulnerable group of worry-prone individuals. Moreover, participants were performing the training tasks each day, across 10 days, so improvements in attentional control resources in individuals receiving the sham training may also reflect more general effects such as adherence to a training schedule (Klingberg, 2010) .
Determining a suitable control condition for working memory training, or CBM, remains a challenge. If a control condition is essentially a 'low-dose' training version (e.g.
CBM-I including 50% positive and 50% negative training scenarios, potentially training flexibility) it may be harder to detect intervention effects. However, using an 'active' control group does provide more convincing evidence of the benefits of training than a comparison with an untreated control group or control training with very different task demands, because it controls for general effects (Melby-Lervåg et al., 2016) . That is, an 'active' control training will better match the experimental training in terms of treatment credibility which could otherwise affect (inflate) the results by influencing participants' outcome expectancies and thus lead to differences that may not reflect effects due to the trained process per se (Melby-Lervåg et al., 2016; Mohr et al., 2009) . Including additional control conditions that control for computer use, adherence to a training schedule, increase in task demands (e.g. adaptive task), etc., but train an unrelated process will be an important step for future training intervention research.
We also investigated whether training related effects would (far) transfer to selfreported changes in symptomatology and changes in the experience of negative intrusive thoughts as assessed with a behavioural measure. In terms of self-reported symptomatology,
we observed that only the CBM-I condition showed a significant decrease in self-reported trait anxiety, and all training conditions showed a decrease in self-reported worry (i.e. PSWQ). Given that all training conditions were associated with a decrease in self-reported worry it is difficult to exclude the possibility that this reflects demand effects. Moreover, the average anxiety and worry scores remained relatively high after training (e.g. scores on the PSWQ are still above cut-off of 56). Interestingly, only the CBM-I condition, but not the WMT condition, was associated with a significant increase in attentional control as measured with the attentional control scale. Previous studies have also found improvements from CBM-I training on attentional control (Hirsch et al., 2009) , supporting the idea that emotional processing biases and attentional control resources can influence each other. However, using a self-report measure of attentional control reflects individuals' own perception of their control resources, while using a behavioural measure of attentional control or working memory capacity (e.g. the change detection task) provides a more 'objective' assessment and may therefore be better used to compare training related effects.
Our main outcome measure was the breathing focus task, which assesses the number of experienced negative intrusive thoughts before and after a period in which worrying thoughts are prompted. Overall there was an increase in negative intrusions across the period in which worrying thoughts were prompted, consistent with previous studies using this task (Hayes et al., 2010; Hirsch et al., 2009 ). Additionally, we also observed an overall decrease in the number of experienced negative intrusive thoughts across the training period. However, training condition did not seem to influence this. We then tested how individual differences in training related changes in working memory capacity and interpretation bias related to changes in experienced negative intrusive thoughts. This allowed us to examine the effects of training induced changes in the underlying cognitive processes, taking into account interindividual differences in training engagement or effectiveness. We showed that greater increases in positive interpretation bias, as measured with the scrambled sentence task, were related to an overall reduction in the experience of negative intrusive thoughts. Furthermore, a greater increase in working memory capacity, reflected by improved performance on the distractor trial type in the change detection task, was related to reduced reactivity of negative intrusions across the worry period. These findings show that a more benign interpretation bias and improved working memory can have beneficial effects in terms of the experience of negative intrusive thoughts, but it's important to note that this was dependent upon the level of improvement from training. It highlights that our existing training paradigms could be further improved to boost training related gains which exceed (small to moderate) gains obtained also through 'active' sham training.
The current findings show increased positive interpretative processing and working memory capacity could attenuate the experience of negative intrusive thoughts through different pathways. Having a more benign interpretation bias may generally reduce the experience of negative intrusive thoughts by decreasing the likelihood that external or internal cues activate threat representations that compete with task-related representations for attention (Hirsch & Mathews, 2012) . If negative thoughts are less likely to intrude into awareness and develop into a worry episode, this will leave more attentional resources for the task at hand. At the same time, once negative thoughts intrude into awareness, improved attentional control resources can attenuate worry by maintaining control over attention and facilitate redirection of attention to the task at hand or more benign thoughts (Berggren & Derakshan, 2013; Hirsch & Mathews, 2012) .
Although we observed that the tendency to worry was influenced when considering individual differences in training related gains, no effect was found when comparing training conditions. This highlights the difference between examining effects of changes in underlying target processes (e.g. degree of change in working memory capacity) and examining effects of the tasks employed to modify these processes (e.g. adaptive working memory training vs.
sham training) (Grafton et al., 2017; MacLeod & Grafton, 2016) . The procedures used to modify target processes such as CBM-I and the adaptive dual n-back task may not be effective to the same extent in all individuals. We found that the degree of change in working memory capacity or positive interpretation bias had a small to moderate effect on the tendency to worry. This supports cognitive models of worry and anxiety positing that, in worry-prone individuals, negative emotion processing biases, impaired attentional control, and their interplay contribute to excessive worry (Berggren & Derakshan, 2013; Hirsch & Mathews, 2012) . Psychological interventions targeting (prevention of) pathological worry may thus benefit from including procedures that facilitate benign interpretative processing and increase attentional control resources. However, our findings also point out that the existing procedures as methods to facilitate working memory and positive interpretation bias leave much room for improvement. treatments. Furthermore, when aiming to use cognitive training as a preventive strategy it will be especially important to follow individuals over time to see if they develop clinical symptom levels (e.g. GAD) and to investigate at what stage in development it is most beneficial to intervene (e.g. childhood vs. later adolescence).
The current experimental study contributes to our understanding of the causal relationship between interpretation bias, attentional control, and the tendency to worry in a sample of worry-prone individuals. Our findings show that facilitating a more benign interpretation bias and improving working memory capacity can have moderate beneficial effects in terms of worry, but highlight that transfer-related gains from existing training procedures can depend on improvement levels during training. This suggests there is room for improving the effectiveness of our existing training procedures which are not necessarily superior to active control training. Furthering our knowledge of the cognitive mechanisms underlying pathological worry and developing sophisticated training interventions that target these cognitive processes will benefit treatment for a range of emotional disorders given the transdiagnostic nature of worry.
